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MASS PHYSICS

Chapter 2

ELECTROSTATIC POTENTIAL AND CAPACITANCE
TOPIC 1 electrostatic potential (V)

IN CHAPTER ONE ELECTRIC CHARGES AND FIELD WAS INTRODUCED WITH
TOPICS LIKE COULOMB’S AND GAUSS’S LAW AND WE STUDIED THREE MAJOR
PHYSICAL QUANTITIES LIKE CHARGE, FIELD AND ELECTRIC FLUX.

IN THIS CHAPTER WE’LL STUDY:

POTENTIAL (V)

CAPACITANCE (C)
CONDUCTORS & DIELECTRICS
VAN DE GRAAFF GENERATOR.

AW

NOTE: Potential difference that we’ll study in this chapter is very useful for studing current in next chapter.

Q.1 What are the various TOPICS which describes electrostatics potential ? write a brief note?

A. There are 6 major topics to understand electrostatic potential :

1. Poténtial at a point due to a single charge.
2. Potential difference between two points.
3. Potential due to electric dipole.

4. Potential due to system of charges.

5. Equi-potential surfaces.

6. Potential energy of a system of charges.
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Q.2 Explain potential at a point due to a single charge?

A. definition:

Expression for potential at a point inside electric field:

UNITS oF PaTe NTIAL S —
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Q.3 What is potential difference between two points in electric field? Explain its various expressions?

A.

Q.4 NCERT Example2.1 a) calculate the potential at a point P due to a charge of 4 x 107 C located 9cm away.

b) Hence obtain the work done in bringing a charge of 2x 10” C from infinity to a point P. Does the answer
depend on the path along which the charge is brought ?

A.

Sq, @% B

t
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NCERT BACK EXERCISES

NCERT. 2.1. Two charges 5 X 10-8 C and -3 x 10-8 C are

located 16 cm apart. At what point(s) on the line
joining the two charges is the electric potential
zero ? Take the potential at infinity to be zero.
Ans. Let the potential be zero at O, then

Vy+ Vg =0,
et X, ]
9
‘N

!

e 16 M=
where V, is electric potential due to charge g, and
Vg is the electric potential due to charge gg.

'
X

ie. 9x 10972 +9x 109-B- = ¢
r—Xx

. sx10® _ (3x10%)|
‘t.e. 9x10 % B (0'16—x) =
sx108  3x107
x  (016-x)
~ie 5016-x) =3
ie. 0:8=23x+5c=28x
oo x=01m=10cm.

le.
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NCERT BACK EXERCISES

NCERT. 2.2.- A regular hexagon of side 10 cm has a charge 5 uC
at each of its vertices. Calculate the potential at
the centre of the hexagon. v

Ans.

BRC

EMC

BHC
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Q.5 Obtain an expression for Potential due to an electric dipole at any point?

A.

SPeciaL cases:—
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Q.6 Find Potential due to a system of charges ?

A. Consrd.ex a sys{-em of d'\orgGS Y, 92— - 9n with pos:'{-(‘on vec'ﬁ;yf ¥y s ¥om =¥

g'eﬁo.‘u\lc.{o Some o ¥Gin . The potentiad \J at pont P can be obtain
Y c:ddmg, the mdividuwal p oten tiols 0\]’— each d’\q‘rae ol belowy—

@q,

7 nt due o a
system of charges is the sum of potentials
due to individual charges.

a2

Q7 N.C.ER.T example 2.2 Two charges 3 x10®C and -2 x 10”® C are located 15cm apart. At what point on the line joining the
two charges is the electric potential zero? Take the potential at infinity to be zero.

A.

| Sem

[
'S
0]

|
p A

v
s

x le-8C ~a %1607 3C
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8 (@) and (b) show the field lines of a posili
respectively
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EQUIPOTENTIAL SURFACES

Q.9 What are equipotential surfaces ? write their important properties.
A. Definition:

| L
| (@)
i | ‘ \‘\ E ) // =
Properties of equipotential surfaces: e\ /I’d,,
; T /;( ! : “““““““““““““““
1. the potential at every point on these surfaces is always constant T Y
| 4 // | \\
2. | o
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NCERT. NCERT ADDITIONAL EXERCISES
234, Describe schematically the equn-potenual surfaces
correspondingto
(@ a constant electric field in the z-direction,

(b) afield that uniformly increases in magnitude
but remains in a constant (say, 7) direction,

- (¢) a single positive charge at the origin, and
(@ auniform grid consisting of long equally spaced
‘ parallel charged wires in a plane.
. Axs. (@ A plane parallel to xy plane.
i - (b) Plane parallel to xy plane but the planes having
t - different fixed potential will become closer with -
the increase in field intensity.

| “(¢) Concentric spheres with origin as centre.
1 (@) A time dependent changing shape nearer to grid
l _ which slowly becomes planar and parallel to the
| grid at far off distances from the grid. -

www.massphysics.
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NCERT BACK EXERCISES

NCERT:; 2.3. Two charges 2 uC and -2uC are placed at points
A and B, 6 cm apart.
(@ Identify an equipotential surface of the system.
(%) What is the direction of the electric field at
every point on this surface ? 4
Aus. (@) The eqmpotentlal surface is the plane perpendicular
to the line AB joining the two charges and passing

through the mid-point. On this plane, potential is

| zero everywhere.

| (b) The direction of electric field is from positive to -

negatlve charge i.e. A to B, which is infact
- perpendicular to the equipotential plane. -

NCeRT. 2.4, Aspherical conductor of radius 12 cm has a charge
‘ of 146 X 10-7 C distributed uniformly on its surface.
- What is the electric field

| (@) inside the sphere
() just outside the sphere
(¢) ata point 18 cm from the centre of the sphere?

Ans, (@) Inside a conductor, the electric field is zero
because the charge resides on the surface of a
conductor.

() Electric field just outside the sphere is given by

1 g
E = s
4ney R?
o x 108 x A6
(12x1072)2
= 105N C-!

(¢) Electric field at a distant point is given by

1
dney r

g
B =77

(16x1077)
(18x107%)

= 444 X 10PN CL,

(9x10%) x
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NCERT BACK EXERCISES

NCeRT . 2,13, A cube of side b has a charge g at each of its
vertices. Determine the potential and electric field .

‘ due to this charge array at the centre of the cube. -

Ans.

¥ %
04/[\\ 9, ///
1 < -
N
\~
7\
7N\
. 9
a 4
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Q.10 : What is the relation between electric field and potential? E&V

Or T

Explain potential gradient ?

Ang.

Q.11 Explain potential energy of a system of charges ( for 2 charge system as well as for n-charges) ?

NoTEg ;- The po*fen{:faﬁ encv%(d, 'S chavacterstic of the present state of
Congiguration , and nek the way the stete ‘s achieved.
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NCERT ADDITIONAL EXERCISES

NCERT 2.19. If one of the two electrons of a H, molécule is

removed, we get-a hydrogen molecular ion H}L

In the ground state of an H; , the two protons are

separated by roughly 1-5 A, and the electron is
roughly 1 A from each proton. Determine the
potential energy of the system. Specify your choice
of the zero of potential energy.

Ans:—
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Q.13 Explain potential energy for a system of charges inside external field ?

A. Covsidlex two cha?ge& W. & Ch_ msid cthe extevnod

belows—

Q.14 NCERT Example 2.5 .
(a) Determine the electrostatic
o charges 7 yC and -2

g

L

G e
.

HY
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Q.15. Obtain potential energy of dipole in an external field ? or find the work done by the torque experienced
by an dipole due to external field?

Ange hs seen n the last chaptey, 'n a onfoxm elecivie jie(cQ the cQ"E@!e,,

{jx\;mcenu:g ne net fovce § put expesiences 97
¥GuL T Given b?’ CT=pESIME 7“\ -
Q“d.‘ the amount of Lsevk done by +hie ; ~ Y4 e
g‘x{e?nal t’"’qr‘u' drom @, angle fo @7.,‘=m3-ﬂ"— % 40"
(s Jven Ev.a,;.~ id N
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NCERT BACK EXERCISES

NCERT. 2.12. A chargeof 8 mC is located at the origin. Calculate

www.massphysics.com

the work done in taking a small charge of -2 X
102 C from a point P(0, 0, 3 cm) to a point Q (0,
4 cm, 0), via a point R(0, 6 cm, 9.cm.) -

Ans, The work done by electrostatic force on a charge is
independent of the path followed by the charge. It

depends only on the initial and final positions of the

charge.

1 a0 1 4%

PR

Work done = -Vp)= ——
%0 Vp) dney rg dmey 1y

0,6,9)
_ Pk cm
0,0, 3)
. cm
(0,0)
: (0, 4, 0)
cm

1 1 1
i.e. Workdone = q9, (——- - __j
dneq B A

i.e. Work done = (9 X 109 (8 x 1073)

11 »
2X109) | ———| =127
( '9)(004 003) .

23
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NceaT. NCERT BACK EXERCISES

2‘14. Two tiny spheres carrying charges 1-5 pC and 2°5.
. pCarelocated 30 cm apart. Find the potentlal and
electric field :.

(a) at the mid point of the line Jommg the two
charges, ‘

(b) at a point 10 cm from this mid-point in a plane
normal to the line and passing through the mid-

‘ point. .
Ans. (a) (i) Potential, V = V; + V2 ‘ o (b) Let Q be the point in a plane perpendiéularvto the
S - line passing through the mid point P, where
__L_(q_1+q_2] = PQ—lOcm . ,
dmeg r ’
| | Now AQ =BQ = [(15) +(10)? JsT
‘ . -6 -6 :
\ gy o|15x10° 2:5x10 ) : | =18cm =0-18m
| |
= 2-4x10°V
|
| ““Ez P EL_.= i
| A R 1 A |
(ii) Electric field, E = By -Ey I Ag) 15cm P 15em  B(g;)
L (e @) . (i) Now, potential athue to the system of charges
|12 1L ‘ . ‘
- 41‘580 (rz rz] v 1 q2
‘ v Q™ dng AQ BQ
2.5x10° 1.5x10° 5x100 25x107° |
= 9x10° e | _ P M0 29XI0 7|y ey
0-15 015 ; - 018 018 S

4x10°NC™! towards 1-5 uC charge.
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NCERT BACK EXERCISES

2.15. A spherical conducting shell of inner radius ry
and outer radius r, has a charge Q.
(@)A charge g is placed at the centre of the shell.
What is the surface charge density on the inner
and outer surfaces of the shell ?

(®)Is the electric field inside a cavity (with no
charge) zero, even if the shell is not spherical, but
_has any irregular shape ? Explain.
Ans. (g) Charge Q appears on the outer surface.

+q

When chargé q is placed at the centfe it induces -

q charge on the inner surface and +q on the outer .

surface.
. charge density of the inner surface,

. ; .

o = —
' 4 1"12

S _ Q+tgq
and charge density of the outer surface, 6, = 5
) o 47 )

(b) Consider a ca\?ity‘of irregular shape with net

~ charge to be zero inside it. Let a closed loop be
~ partially inside and the rest outside the cavity. The
 field inside the conductor is zero, so some work is
done by the field to carry a test charge in the closed
 loop, but this is against the provisions of an electrostatic

field because as per Gauss’ law, the net charge

inside a Gaussian surface must be Ze‘ro Thus, there
cannot be field lines inside the cavity irrespective of
its shape.

25
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NCERT BACK EXERCISES

NCERT,

2.16. (a) Show that the normal component of electrostatic Ans. Consider a sheet of charge having charge density .

field has a discontinuity from one side of a charged

surface to another given by .
‘ - - o
.(EZ_ E1)°fl =
&

where 7 is a unit vector normal to the surface at a
point and o is the surface charge density at that
point. (The direction of 7 is from side 1 to side
2.) Hence show that just outside a conductor, the

electric field is o7t /gg.

(b) Show that the tangential component of
electrostatic field is continuous from one side ofa
charged surface to another.[Hint. For (a), use
Gauss’s law. For , (b) use the fact that work done by
electrostatic field on a closed loop is zero.]

www.massphysics.com

E on either side of the sheet, perpendicular to the
plane of sheet, has same magnitude at all points
equidistant from the sheet. -

Electric field intensity on the left side of the sheet,
. _ : :
E1 = —-il/%
280
Electric field intensity on the right side of the sheet,
-
Ey = —G——l/;
280
. Discontinuity in the normal component of the field
from one side to other side is

The electric field tangential to the plate is continuous
throughout.

FOCUS CBSE MODULE




MASS PHYSICS

FOCUS NCERT/CBSE MODULE

NCERT BACK EXERCISES

NCERT, 2.17. Along charged cylinder of linear charged density
A is surrounded by a hollow co-axial conducting
‘cylinder. What is the electric field in the space
between the two cylinders ?

Ans. A cylinder P has linear charge density, A, length [
and radius ;.

The charge oncylinder P, ¢ = AL
A hollow co-axial conducting cylinder of length / and radius
i surrounds the cylinder P. Charge on cylinder Q = - ¢.
| ,
]

| Consider a Gaussian surface in the form of a cylinder of -
radius r and length /. The electric flux through the curved surface
of the Gaussian surface, '

-> -
o= J E. dSJ EdScos0° = EJ’ dS =Ex2nrl...(i)
The electric flux through the circular caps of Gaussian

e .
surface = Oas E is perpendicular to the surfaces of the circular
caps.

q
According to Gauss’s theorem, o= Eo—

. Z»L A
orE X 2nrl = g E = 2megr

www.massphysics.com 27 FOCUS CBSE MODULE
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NCERT ADDITIONAL EXERCISES

NcerT: 2.18. Inahydrogen atom, the electron and proton are
bound at a distance of about 0-53 A :

(a)Estlmate the potential energy of the system in
eV, taking the zero of the potential energy at
infinite separation of the electron from proton.

(®)What is the minimum work required to free
the electron, given that its kinetic energy in the
orbit is half the magnitude of potential energy
obtained in () 2

~ ()What are the answers to (¢) and. (b) above if the
zero of potential energy is taken at 1-06 A separation?

1 q94,
dneg r

Ans. @PE.,U =

| 0x10° x (~16x1079)(16 x1071%)
T 053x10710
= 4347 x 107197

. -19
_swx0®

16x107"
Taking zero at infinity,
PE.=-2717-0 = -27-17 eV
() K.E. of electron is half of P.E.

: 2712
KE = — 13-585

(K.E. is always positive)
Total energy of electron
= 2717 + 13:585 = -13-585 eV
Work required to free the electron '
=0 - (-13-585) = 13-585 eV.
() P.E. at 1-06 x 10-10 m separation,

9x10%(=16x10719)16x107"%)
106x1071
2174 X 10197

il

= _21_7__1_0__ = -13-585 eV

106x107"
Taking -13-585 eV as zero of P.E., then
P.E. of the system .
= -27-17 - (-13-585) = -13-585 eV.
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NCERT ADDITIONAL EXERCISES

NCERT.2.20. Two charged conducting spheres of radii @ and b
are connected to each other by a wire. What is the
ratio of electric field at the surfaces of the two
spheres 9 Use the result obtained to explain why
charge density on the sharp and pointed ends of a
conductor is higher than on its flatter portions.

Ans. Two charged conducting spheres of radii a and b
connected by a wire will reach to same potential.

. av
Using E = _c_l;’ we get V = Er

Then V = EjaandV =Epb

. E, b
ie. Ea=Epor —=—.
E2 a
| Clearly electric charge density for the pointed surface
| will be more because a flat surface can be equated
to a spherical surface of large radius and a pointed
portion to a spherical surface of small radius.

w . i
ww.massphysics.com 29 FOCUS CBSE MODULE
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NCERT ADDITIONAL EXERCISES

NcerT.221. Two charges -¢ and +¢ are located at points (0,
0, —a) and (0, 0, a), respectively.
(®)What is the electrostatic potential at the points
(0, 0, 2) and (x, y, 0) ? ‘
(b)Obtain the dependence of potential on the distance
r of a point from the origin when r/a > > 1.

(c)How much work is done in moving a small test
charge from the point (5, 0, 0) to (-7, 0, 0) along
the x-axis ? Does the answer change if the path of
the test charge between the same points is not
along the x-axis ?
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NCERT ADDITIONAL EXERCISES

NCERT. 2.22. Figure shows a charge array known as an electric
quadrupole. For a point on the axis of the
quadrupole, obtain the dependence of potential on

~ rforrla > > 1, and contrast your results with that
due to an electric dipole, and an electric monopole
(i.e., a single charge.)

pat

a

-4
-G8
B a

Ans. (i) For large distance, r, the potential ~ V

1 [ g 2, 4 J
= dregg\(r+a) 7 (r—-a)

g 20 _q2d%)
= 4meg r(rz‘— a2)

4n80r3

| 1
\ i.e. of = type.
r

(ii) Due to electric dipole, the potential is of i/r2
type.

(iif) Due to an electric monopole; the potential is of
1/r type.

www.massphysics.com 31
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{. Electric potential due to an electric dipole at 2
point of distance r from its centre and on the
axial line varies as

@ r ®) r!
_ () r* @ r2
Ans. (d).

Eiectrlc potential due to an electric dipole at a
point of distance 7 on its equatorial line is

wy
‘ 1 2p
‘ @ 41:50 r? @) 4rney 2
(©) dneg v (d) zero.
Ans. (d).

3. Work done to move a charge 1 C from one point
to another point on the surface of a conductor is
(a) 1 volt (b) 2 volt
A (c) 3 volt (d) zero.
ANns. (d). W =¢qgAV =0 (-» AV =0)
4. Work done in moving a positive charge on an
equipotential surface is
e ‘”a} negative (b) positive
'?e At a point A, there is an electric field of 500 G
and potential of 3000 V due to a point charge. The
%  distance between the point charge and point A is

/ @ 6m

(¢) 36m

PtNS (a). ‘(r =%—)

8. Charges + g and - g are plaf:ed at points A and
B respectively which are at distance 2 L apart. C

is the mid point between A and B. The work done

in moving a charge + Q alonc the semicircle

CRD is :
. Q -Q
h (a) 6m =) L (b) 67 =) L
gQ -¢Q
{c) p— (d) brep L
' OB
Ans. (d)
| Explawation.
W =Q[Vp-Vd
www.massphysics.com 32

(Only One Option Correct)

(c) zero (d) infinite
(H.P.8.EB. 2808
Ans. (¢).
@ Electric field E and &ciric potential V are related as
1 _ o -
@ B=—y ®E=—
g= % ) E="
@ E= dr ( dr
ANs. (b)

(6, A circle of radius r is drawn with charge +gq at the
cenire. A charge g, is brought from the point B to C
on the circle. The work done is

(@) positive ‘ (b) negative
.. (¢) infinite (d) zero (HL.P.5.E.B 20
Ans. (d) Work done = g AV. Since AV =0
: =0

180

-0 q 1 g
4’m =N 3L 4z gL :
9. A hollow metal sphere of radius 10 cm is

such that the potential on its surface is 80 ¥
- potential at the centre of the sphere is :

{a) 80V (b) 800V
{c) 8V (d) Zero.
ANs. ()
Explanarion.
Potential at the centre of sphere= potennal on its
surface.

16, The electric potential at a point in free space due to
a charge Q coulomb is Q X 10! volts. The electric
field at that point is :

(@) 12meyQ X 1022 V/m
(b) 4n €gQ X 1022 V/m

(c) 12meq Q X 10%° V/m
{d) 4w €,Q X 10%° V/m.

Aus, ()
Explanation. ;
vV = 1 Q LF= ! g
drey ¥ dr g V
ot 9 1
dr e Qx10t 4z g x10'
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Topic 2: CONDUCTORS & INSULATORS

ELECTROSTATICS OF CONDUCTORS:

CONDUCTORS:

Q.1 What are important properties of conductors when kept inside external electric field?
A. Important properties of conductor:

1. inside a conductor, electrostatic field is zero:

—> [— > > Eext

2. At the surface of a charged conductor, electric field must be normal to the surface at every point.

3. The interior of a conductor can have no excess charge in the static situation:

4. Electrostatic potential is constant throughout the volume of the conductor and has the same value (as
inside) on its surface.
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6. Electrostatic shielding:

WAY 1: h Vi\lf\[ ,

WAY 2:
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Dielectrics and Polarisation

Q.3 What are dielectrics? Write their important types.

A. Dielectrics are non-conducting (insulating) substances. Which have no free electrons as charge carriers.

Dielectrics are of two types:

1. Polar dielectrics:

2. Non polar dielectrics:

Q.4 What is dielectric constant or relative permittivity ? [, o €~r

b Non-polay
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Q.5 What are the properties of Dielectrics when kept inside external electric field? Also explain polaristion
on the basis of these properties?

A.

PeLarisaTion:—

polarised dielectric amounts
to induced surface charge
density, but no volume
charge density.

? BIGURE 2.23 A uniformly
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IMPORTANT DIAGRAMS TO UNDERSTAND CAPACITOR

]

s

I

lectrolytic capacitor

Symbol Shape

» Capacitance = 100uf

g?’nsitive Lead Marking

Negative Lead Mar«king

« Working Voltage = 450V

Negative
connection {(-v}

- Positive
connaction (+v}

_pietectic~_Inside the Capacitor

Metal plate

Aluminum

Plastic insulation
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TOPIC-3 CAPACITORS AND CAPACITANCE

Capacitor:

Capacitance:

Q.1 What is capacitance ? write its units.

A.

Q.2 What are various types of capacitors?

A. Various types of capacitors are:

1. Parallel plate capacitor (4 FORMS)
2. Isolated sphere capacitor

3. Spherical capacitor

4. Cylindrical capacitor
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THE PARALLEL PLATE CAPACITOR

A parallel plate capacitor consists of two large plane parallel conducting plates separated by
a small distance. Its capacitance depends the intervening medium between the two plates.

Q.3 Study parallel plate capacitor for its capacitance when it is air filled?

A. Pavaltel plote Copacilor Gnsists of 2 paralled metallic Pﬂa'(“c\g Of-
ayea B each and s epevated b\z, cdistance ol th such « way.
+hat 'H\ctj aye );30\1 vded QC&L\Q_X and GF\:")S:{E’ chgx%e,s ausbelow e —

f
/ / Axeaz= A
4

|+ -7
r }
7.
| «—d —-?%

Q.4 Study parallel plate capacitor for its capacitance when it is medium (dielectric) filled?

e drelechnc
+ | —
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Q.5 Study parallel plate capacitor for its capacitance when an conducting slab of thickness t
is inserted inside it?

Ans. Consedew a pavallel piofce. c.apac?{'ox \l-\ow’ma, F!od-c area A ancd

{\d'. . ° S/ o
. ,ns{-cmce. of sepevalion d. News an Concﬁuc{'m% Slab of thickness

t s ‘'nseyted in between teoe Plcﬁd%,,‘; d

w Fo Scpexa"l'n'on
gyee. el ectyons bn‘fke m eans

of Inducton AWV obbesite
5.‘&&& will fnduced tstde the slab, which sl Canc s 'H'\-LH’
€ xteynal QH’Q‘?&:Q z?«’e.ﬂ& 2 a yegudt Net {velcd Thnsidathe slab

Willbe 2evs. ay shown tnthe. Cﬂv"agvam;——-
| (‘C,wa‘*c\w‘%
o sﬂ_ab
-]
4
A B
+ —
<Es
< S
bl
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Q.6 Study parallel plate capacitor for its capacitance when an dielectric slab of thickness t is
inserted inside it?

Ans_ Consider o Pox&(\(ﬁtlpla&e Ca.po&(bx ho\v{y\c‘-) plate avea A anell s ban e
::c_ sepevation ol Now adidectyic slab o thickness 't 'S
insexyted tn between ‘fwoph'ﬁ'q:* du Lo pola yheoti on ?'
df’eﬁech.‘c oS oms awn opposff& Freld wedt Sncﬂ)u.ct.cﬁ mside the
Slab which will decyeager Hhe freld inside 't by ,]L;+;mq

0} »a\y\,&"e& 3;&3(‘&- E’ ab Shown v OO:Q%YQM 5= A .
cﬂl'eﬁctln‘\gc
a

T71s
(k)

D e —

UN

<=
d
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MASS PHYSICS

SPECIAL CAPACITOR:
Q.7 Find the capacitance of an isolated sphere‘?

A. Lsolated 3\>he~ce. S a .5(.«511_@, Chqv%ecﬂ SheQQ;—

Q.8 Find the capacitance of earth? ( given radius of earth R=6.4 x 10° km)

A.

Q.9 Which capacitor is of higher capacitance?

N o

Co
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NCERT ADDITIONAL EXERCISES

&- 0. ——> NCERT. 2.29. A spherical capacitor consists of two concentric
spherical conductors held in position by suitable
insulating supports (Figure.) Show that the
capacitance of a spherical capacitor is given by

CHARGE Q

CHARGE-Q

_ dzgnn

C

ChTn

where r; and r, are the radii of outer and inner
spheres, respectively.

;\nsz__
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NCERT ADDITIONAL EXERCISES
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NCERT EXAMPLE

Ans,
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TOPIC -4 COMBINATION OF CAPACITORS

EFFECTIVE CAPACITANCE C

1. SERIES COMBINATION

2. PARALLEL COMBINATION

A.

Properties:
1.
2.
3.

A.

Properties:
1.
2,
3.

TWO BASIC COMBINATION OF CAPACITORS ARE:

Q.1 What is series combination of capacitors? Write its important properties:

P

WE CAN COMBINE SEVERAL CAPACITORS OF CAPACITANCE C, C, __.Cy TO OBTAIN A SYSTEM WITH SOME

Ci Ca. c
| i

Q.2 What is parallel combination of capacitors? Write its important properties:

www.massphysics.com
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5S PHYSICS

NUMERICAL PROBLEMS BASED ON SERIES AND PARALLEL

TRICKS:
1.
2.

Q. 3 Find net capacitance and net charge of the circuit below:

A.

Q.4 Find net capacitance across Aand B ?

A B

e&Ch CO\{)QC(#@'}’ = 2}4’:
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Q.5 Find the missing value of capacitance C if the effective capacitance across A & B is 10pF.

A C LuE
— | |

—-3HE

1HF'£— —— 3HE
T

] |

— 3HF

i -
P——

3HF

Q.6 find the net capacitance across A & B Qe [LLT]
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Q.7 Find the net capacitance and charge in the infinite chain of 2pF each as shown below.

| 1 S < |
A==t e e A
Ub to c ] l l ’ _
Inpinily —c¢ —c “_c f}:c —c¢ =C V=02Velt
°e < T = —!— c T c c < C
- - e e
Ans. Value of each Ca‘;c‘,cftox.:l MF

Q.8 Find the charge stored in 3uF capacitor in the circuit diagram below? (Branching of charges)

A.

www.massphysics.com
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NCERT BACK EXERCISES

NCERT. 3%, A parallel plate capacitor with air between the
plates has a capacitance of 8 pF (1 pF = 10-12F.)
What will be the capacitance if the distance between
the plates is reduced by half, and the space between
them is filled with a substance of dielectric constant
6?

Ans.
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NCERT BACK EXERCISES

NCERT. 2.6, Three capacitors each of capacitance 9 pF are
connected in series.
(@What is the total capacitance of the combination?

() What is the potential difference across each
capacitor if the combination is connected to a 120

V supply ?
Ans. k
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NCERT BACK EXERCISES

NcerT. 4. Three capacitors of capacitances 2 pF, 3 pF and
4pF are connected in parallel.

(@) What is the total capacitance of the combination?

() Determine the charge on each capacitor if the
combination is connected to a 100 V supply.

Ans, (@  Total capacitance
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NCERT BACK EXERCISES

5.8. In a parallel plate capacitor with air between the
plates, each plate has an area of 6 X 10-> m? and the
distance between the plates is 3 mm, Calculate the
capacitance of the capacitor. If this capacitor is
connected to a 100 V supply, what is the charge on
each plate of the capacitor ? ‘

; ) oA
Ans, Using C = —%—, we get
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NCERT BACK EXHERCISES

3.9, Explain what would happen if in the capacitor
given in Q. 2.8, a 3 mm thick mica sheet (of
dielectric constant = 6) were inserted between
the plates,

(@)while the voltage supply remained connected.
(b)after the supply was disconnected.
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NCERT ADDITIONAL EXERCISES

2.23. An electrical technician requires a capacitance of
2 pF in a circuit across a potential difference of
1 kV. A large number of 1 uF capacitors are
available to him each of which can withstand a
potential difference of not more than 400 V. Suggest
a possible arrangement that requires the minimum
number of capacitors. '
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NCERT ADDITIONAL EXERCISES

NCERT. 225, Obtain the cquivalent capacitance of the network
in figure. For a 300 V supply, determine the
charge and voltage across each capacitor.

100pF
1
1
. C1 .
]1 200pF jGOPF
‘ !! . l &+
G, +000F Cs 300V
] —
! i B
| 1
|

| |  (CBSE.2008 205
" Aus. The equivalent circuit is as shown below :

} ‘ ' 100 pF
| , 10(_)va "lcl

—

200 pR: 200 pF

300 V ———=

L_______'f_\ _—
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ENERGY ASSOCIATED WITH CAPACITOR

Q.10 Explain electrostatic energy stored in a capacitor? Obtain an expression for it?

A.

Q.11 What is energy density in capacitor ? (o]

A.
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NCERT BACK EXERCISES

NceRT™ 2,16, A 12 pF capacitor is connected to a 50 V battery.
~ How much electrostatic energy is stored in the
capacitor ?

1 1
Ans. E = ECVZ ==E X 12 %X 1012 x50 x50 =15
X 10787,

NeeRT. 2.i1. A 600 pF capacitor is charged by a 200 V supply. It
r is then disconnected from the supply and is connected .

! n -
i to another uncharged 600 pF capac;tor. How much
electrostatic energy is lost in the process ?
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NCERT ADDITIONAL EXERCISES

NCERT. 227, A 4F capacitor is charged by a 200 V supply. It
is then disconnected from the supply, and is
connected to another uncharged 2 pF capacitor.
How much electrostatic energy of the first capacitor

is lost in the form of heat and electromagnetic |
radiation ? .

Ang.
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VAN DE GRAAFF GENERATOR

Q.1 Write the explanation, principle, construction, working and uses of Van de graaff generator? Also write
the role of CH; and N, gas in it?

Ans. DEFINITION:

PRINCIPLE:

1. Corona discharge: ( action of sharp points)

2. Potential difference of two concentric charged hollow sphere is independent on the charge of outer sphere.
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CONSTRUCTION & WORKING:

USES OF VAN DE GRAAFF GENERATOR:

ROLE OF CH4 AND N, GAS IN GENERATOR

www.massphysics.com 74

© Metal brusl , lley ere el
+ 7 _— ba
— o Lot
NP Insulating belt
N /P to carry and
® I+ T deliver charge
4
b +— Insulating
| - supporting
I N column
+
Lo
¥
} a Motor driven
\(y — pulley
{ + 4t
' Metal brush - : Grounded
i delivering ' metal base
| charge from
| source
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NCERT> 235, In a van de Graaff type generator a spherical
metal shell is to be a 15 X 106 V electrode. The
~ dielectric strength of the gas surrounding the
electrode is 5 X 107 Vm~1. What is the minimum
radius of the spherical shell required ? (You will
learn from this exercise why one cannot build an
electrostatic generator using a very small shell
which requires a small charge to acquire a high

potential.) »
(C.B.S.E. 2008)

Ans,
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NCERT. 2.36. Asmallsphere of radius ry and charge g, is enclosed
by a spherical shell of radius r, and charge ¢,.
Show that if ¢ is positive, charge will necessarily .
flow from the sphere to the shell (when the two
. are connected by a wire) no matter what the charge
'q2 on the shell is. '
Ans, ‘ |
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ADDITIONAL questions :

Q.1 How we can apply wheat stone bridge in capacitor circuit to find net capacitance, explain it by the help

of an example?

A.

Q.2 find net capacitance across A & B in the given circuits?

a.

yuf

e\
s

17
6HF

www.massphysics.com
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M

Q.3 find net capacitance, NET CHARGE and ENERGY STORED in 2uf capacitor in the circuit diagram
below?

A. ' 20V
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NCERT ADDITIONAL EXERCISES

NCERT. 2. 24 What is the area of the plates of a 2 F parallel plate
capac1tor, given that the separation between the
plates is 0-5 cm ? (You will realise from your
answer why ordinary capacitors are in the range
of puF or less. However, electrolytic capacitors do
have a much larger capacitance (01 F) because of
very minute separation between the conductors.)

| . g A

" Ans. Using C = 7 we get

| Cd_2x05x107
- ’ g 8854x1072
=113 x 109 m?.
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N C&RT. 2.26. The plates of a parallel plate capacitor have an
area of 90 cm? each and are separated by 2+5 mm.
The capacitor is charged by connecting it to a 400
V supply.

(a) How much electrostatic energy is stored by the
capacitor ? ‘

(b) View this energy as stored in the electrostatic
field between the plates, and obtain the energy
per. unit volume u. Hence arrive at a relation
between u and the magnitude of electric field E

between the plates.
L Eo A
Ans, Using C = FEk

885410712 x90x107*
25%x1073
=3187 x 10-1 F
Work done,

1
1 — 2
‘ W 2CV

we get C =

Il

2
=255 x 10767,
Energy per unit volume,
U =0113]m3
Energy per unit volume,

1
— X 3187 x 10-11 x 4002

1cv?

2 Ad-

A%
But E = ; i.e. V=Ed
.. Energy per unit volume,
_1CE  1aA R
T2 Ad 2 d Ad
Relation between U and E is,

U= —¢E".
‘20
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NCERT ADDITIONAL EXERCISES

NCegT. 228, Show that the force on each plate of a parallel
plate capacitor has a magnitude equal to (%) QE,
where Q is the charge on the capacitor and Eis
the magnitude of electric field between the plates.
Explain the origin of the factor Y.

Ans, Let F be the force on each plate of the capacitor. If
the distance between the plates of the capacitor is ’
increased by dx, then work done = F dx. This work
done is stored as the potential energy of the capacitor.
The increase in the volume of capacitor = A dx

The energy stored in capacitor = energy density X

1
increase in volume = (5 g Ezj Adx

L
oerx=550E Adx

1 2, 1 1( V)
_ —gyE?A==(ggAE)E==|gA—|E
or F=75% 7 (EoAE)JE =2 e
e B _ ¢
smce d =
1 1
.+ F= E(CV)E orF = SQE (~ Q=CV)

Since electric field inside a conductor is zero and outside
the conductor, the electric field is E. Therefore, average of elec-

0+E E )
=—1 contributes to the force.

tric field ("—2— Y
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NCERT ADDITIONAL EXERCISES

NCERT . 230. Aspherical capacitor has an inner sphere of radius
12 cm and an outer sphere of radius 13 cm. The
outer sphere is earthed and the inner sphere is
given a charge of 2+5 uC. The space between the
concentric spheres is filled with a liquid of dielectric |
constant32. ‘

@ Determme the capacitance of the capacitor.
(b)) Whati is the potential of the inner sphere ?

() Compare the capacitance of this capacitor
~ with that of an isolated sphere of radius 12
cm. Explain why the latter is much smaller. -

' b
| Ams. (@ Using C = 4ngg k——ba , we get
: —-a

| 1 32x12x1072 x13x107
| C PN) T2
9x10° (13x1072)—(12x107%)

| = 5547 x 109 F
i
| : '
I g 25x107°
o V=d=2—as07v
“ C 5547x10
© C' =dney
= —— X 12% 10-12
9%x10
=133 x 1011 F
C  5547x107°
C _354x107 e

C' o 1333x107M

Clearly C' is small because there is no
nearby earthed conducting plate.
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NCERT ADDITIONAL EXERCISES

2.31.) Answer carefully :

@

®)

©

@

@

Two large conducting spheres carrying charges
Q, and Q, are brought close to each other. Is
the magnitude of electrostatic force between
them exactly given by Q;Q,/4ner?, where r is
the distance between their centres ?

If Coulomb’s law involved 1/r> dependence
(instead of 1/r%), would Gauss’s law be still true ?

A small test charge is released at rest at a point

in an electrostatic field configuration. Will it

travel along the ﬁeld line passmg through that
point ?

What is the work done by the field of a
nucleus in a complete circular orbit of the
electron ? What if the orbit is elliptical ?

We know that electric field is discontinuous
across the surface of a charged conductor. Is
electric potential also discontinuous there ?

What meaning would you give to the capacitance
of a single conductor ? :

Guess a possible reason why water has amuch
greater dielectric constant (= 80) than say,

mica (= 6).
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N W A cylindrical capacitor has two co-axial cylinders
"~ of length 15 cm and radii 1-5 cm and 1-4 cm. The

outer cylinder is earthed and the inner cylinder is
given a charge of 3-5 uC. Determirie the capacitance
of the system and the potential of the inner cylinder. -
Neglect end effects. (i.e., bending of field lines at

~ the ends.) '

Ans. Capacitance of a cylindﬁcal capacitor is given by

il

C __Z_E.ll—b ——__—/_? C,O-‘PQC\.)‘U\Y,( e OF— .
2-303>(10g10;l- , C\I\fn&y{’c@_ﬂ_ Co.f)CqC\hﬂcQ,.

2m(8854x10712)(15x 1072)

(15x1072)
2-303-10g10 L"—“—ii z(( 12_2J

| | =121 x 10-10F.
| Potential of inner cylinder
35x1078

q
V R ——
C 121x1070

=289 x 104 V.
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NCERT, 233. A parallel plate capacitor is to be designed with a
voltage rating 1 kV, using a material of dielectric
constant 3 and dielectric strength about 107 Vm~
1, (Dielectric strength is the maximum electric
field a material can tolerate without breakdown,
i.e., without starting to conduct electricity through
partial ionisation.) For safety, we should like the
field never to exceed, say 10% of the dielectric
strength. What minimum area of the plates is

1 required to have a capacitance of 50 pF ? -

Ans. 10% of the given field i.e. 107 V-m-! givesE = 0-1
x 107 Vm! ~

 Using B = —
sing E =

. vV -
ie. E=—, weget

r
V1000 5
r= —=- 7= 10~ m
-~ E o1x10" .
A
Using C = EOZ’ , we get
Cd Cr
A - =
S K&

(50x10712)(107%)
8854x1071% x3

= 19 cm?.
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NCERT ADDITIONAL EXERCISES

2.37. Answer the following :

@

®

The top of the atmosphere is at about 400 kY
with respect to the surface of the earth,

corresponding to an electric field that decrases

with altitude. Near the surface of the earth,
the field is about 100 Vm~1, Why then do we
not get an electric shock as we step out of our

~ house into the open ? (Assume the house to be

a stell cage so there is no field inside !)

A man fixes outside his house one evening a

two metre high insulating slab carrying on its

 top a large aluminium sheet of area 1 m?2. Will

©

@

he get an electric shock if he touches the metal
sheet next morning ? '

The discharging current in the atmosphere
due to the small conductivity of air is known
to be 1800 A on an average over the globe. Why
then does the atmosphere not discharge itself

completely in due course and become

electrically neutral ? In other words, what
keeps the atmosphere charged ?

What are the forms of energy into which the
electrical energy of the atmosphere is dissipated
during a lightning ?

[Hint. The earth has an electic field of about 100
Vm! at its surface in the downward direction,
corresponding to a surface charge density = ~10~
9 C m2. Due to the slight conductivity of the
atmosphere up to about 50 km (beyond which
it is good conductor), about -+ 1800 C is pumped
every second into the earth as a whole. The
earth, however, does not get discharged since
thunderstorms and lightning occuring
continually all over the globe pump an equal
amount of negative charge on the earth.]

www.massphysics.com
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Ans. (@) Our body and the earth surface become

o

©

@

equipotential (af equal potential). It means there
is no potential difference between the earth and
our body. Hence no current flows through our
body and therefore we do not experience an eleciric
shock.

Yes. The aluminium sheet and the earth form a
capacitor with the insulating slab as dielectric.
The down pour of the atmospheric charge will
raise the potential of the sheet of aluminium.
When we touch the aluminium sheet, charge will
flow to the earth through our body. This flow of
charge constitutes on electric current and we will
experience a shock.

No doubt the atmosphere conitnuously gets
charged due to lightning, thunderstroms but
simuitaneously it gets discharged through normal

‘weather zones. This keeps the system balanced.

Electrical energy of the atmosphere appears
as light, sound and heat energies during thunder
storms and lightning.
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IMPORTANT MCQS BASED ON CAPACITANCE

(Only One Option Correct)

_1» Three capacxtors of capacitances 2 pF, 4 uF, 6 uF (@) 1/3 pF (b) 27 uF
are connected is series. The equivalent capacitance (c) 9/3 uF (d) 27/3 uF.
ls
o Ans. (b).
(@) 12 yF o “”F Explanation.
(0 “‘UF (d) 12 X 11pF. . What will be the resultant capacnance of the ca-

1 1 . 1 pacitors connected as shown in Fig. between the
NS, N Tt ST points A and B ?
AvS. (c). & R

,\ WF  ouF
2. Three capacitors of capacxtances 1pF, 2 pF and L
3 uF are connected in parallel. The equivalent o
capacitance is . o
11 A B
(a) 6 uF (b) —WF
16 th
1 F ' uF
(c) gh (d) 0-55 pF. (@) 11:5 yF (b) 12-5 pF !
i Aﬂs (@). C=C, +C, + Cs. (€) 13'5 pF (@) 14'5 pF. '
3. The equivalent capacity between A and B is : ﬁ
- 3uF Aws. (o).
4 Explanation.
— ¢C ox9,,
1| C=5+G 0 " s =% = 1354,
2uF . What will be the resultant capacxtance of the
2 capacitors connected as shown in Fig. between the
@ -—gguF ®) 9 uF - points A and B ?
1
(© 1 uF @ g WF.
Ans. (a).
Explanarion.
_ (C;+Cy)C3  5x4 gun
Cl + C2 + C3 9 )

4. What will be the resultant capacitance of the
capacitors connected as shown in Fig. 7

(@) 6 uF
SuF (¢) 27 yF
| ) RNS! (a).
Explanarion.
=C; + Cy=18yF
A B P o C'C3  18x9
C=Crg =z o
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7. For capacitance in series, total capacitance C is (c) 12
given by, G () 0.
1 _1_+,L+ " ANS. (c).
@c g g
B C=C +C, + ...
@cC-= C +Cy .. 12. The potentials of the two plates of capacitors are
+10V and -10V. The charge on one of the plates
ANS. (). 1t 1. is 40C. The capacitance of capacitor is -
cTg g T @ 2F () 4F
8. For capacitance in parallel, total capacitance C is (c) O-5F (@ 025 F. ¢
given by, ANS. (a).
@C=C;+Cy+ ‘ _Q __ 40 _40
11,1 C=¥V "To-cig 20 = 2F
® C ¢ G 13. A 4 pF capacitor is charged to 400 V and then the
o plates are joined through a resistor. Heat produced
@ C=CC+CCy + in resistor is :
c=— 1 (@) 0-64J (b) 0323
@ C;+Cy +Cy+... {c)0-16J (d) 1-28 J;{
Ans. (@). C, + Cy + Cs ..... ANS. (b). T
9. Energy stored in a capacﬁor of 10 pF connected Heat produced in resistor = Energy stored in
to a 100 V battery is . 1 w2
(@10 x 1087 (b) 5% 107107 capacitor = — CV
(c)5 %1087 (@ 107107, 1
1 1 =5x4x10—6x400x,400 =0-327J.
‘= —CVi. = -12 4 -
ANs. (.U 2 cv 2 =X 10 X 107 x 10 34. Two condensers, one of capacity C and the other
=5x%x10%7] , .. C
10. Energy per unit volume for a capacitor having of capac1ty are. connected to.a V-volt battery
area A and separation d kept at potential difference as shown. The work done in chargmg fully. both
V is given by : the condensers is
1 V2 1 v ’
@3 & Paige vE =gC
2
(c) 3CV2 @ = 1 A
> (@ =CV? ) —CV?
i"“"*’u 2 4
A‘Ns' (a) . . 2
Energy per unit volume of capacitor (c) CV (@) 2 CV2,
1 2 _legVi( . ._V .
=EEOE =’i‘_c‘i‘2""(E"" d) ANS. (c). )
; . N . Equivaient capacitance,
11. A parallel plate air capacitor has a capacitance c  3C '
18 uF. If the distance between plates is trebled ¢ =C+—= ="+
and a dielectric is introduced, the capacitance 2 2 o
becomes 72 WF. The dielectric constant of the Work done = energy stored
medium is : 1 1 3C 3C
=—C'V? = —x 2= Vi= 2= V2
(@) 4 () 9 2 2 "2 4
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ELCTROSTATIC POTENTIAL & CAPACITANCE
IMPORTANT TOPICS WITH FORMULAS FOR NUMERICALS

TOPIC 1 POTENTIAL [V]

4\ = Wwork dene per unit Fest
C—lf\ong_

Units o V
Nolt 0¥ T/

Potential s o Scolovy ﬂw&wti(‘a
Se Rellax about its itectipy

1. N = ‘_’_\.-) = qf [0_& =N nt
%o UA G pem ]
. 2. N = > -5 2 ved
URGYn  unGevs Lpov 2p V'*s]
3- \I.:_ §E Jz = 'E .1 s @‘

[Parenwol o eyen(,ﬂ.]

TOPIC-2 RELATION BETWEENE &V

- C‘),o UA Gy >
% URGew
R dattion E = ﬂ) Patenhad
oy 9rodient

TOPIC-3 ENERGY ASSOCIATED:

{ SYSTEM OF CHARGES & CAPACITOR}

LU= k99,
~
2 U= €9 kY 4 dsh
~s. s
U= J~°¢' EX A

Y. energy Olé‘”m"—\j o= JiGoEl

TOPIC 4 CAPACITANCE [C]

Main covmula ﬂ/: ev

. C-= % [ ST unit Favad D‘—JJ

2. C= %“_ [ Paratsd platy [eiv ;;\\ed]:}
3. c=d_t\. [ conduching slab]

U Cs= k_@&i\ [ medium p.’\luﬂj
SEE f{bﬁ [ielechic s lab ]

+
K.

£. . C=URee [Ssotu’reci S‘yke-ve]

+. C YR & TATB N \,\Q'y\
C'\(R YB) [ ‘7 \QQC_\ }'UY]
% C=27&ld C\jhmdw\'u»ﬁ

Qoge(%.s [ Caya c(l'\sfj

U C= Cor carey [Pavadiad

Com‘;;fnmb’om]
oo L =Ly 4+ [ Sexies
< < C" 3 Covnl, no;bwj

Nc“‘Q;—
i. 936\:‘&(&"‘{&. vy distance betueen

the plates then +he Paxts are
Sewrmey .
2 H e cielech'c dividg Ay ea of
Hie plates then the pavts ave
Parveallel.
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SELF ASSESSMENT TEST FOR BOARD EXAM

State SI unit of potential difference.

1
What is an equipotential surface ? 1
What is joule ? Define it. 1
What is the work done in moving a 2 pC point charge from corner A to corner B of a square ABCD (figure

B

a

fo el B bl
M

15

A) when a 10 pC charge exists at the centre of the square ? , » 1
Ze ®Q er
‘\\ /
Nee

Y

: Figure A Figure B
£, Infigure B, what is the work done in moving a point charge from X to the points Y and Z respectively 7- 1
6. Name the physical quantity having ST unit as farad per metre. 1
7. What is the electric field inside a conductor ? 1

&, Two spheres of metal, having same radii but one hollow and other solid, are charged to same potential.
Which of the two spheres i.e., hollow or solid will have more charge ?
What is the approximate value of capacitance of earth ?

B
y

B DO p b e

19. What is the value of dielectric constant of metal ?

11. Electric field is always normal to the equipotential surface. Explain why ?

i2. What is the difference between electric potential and potential difference ?

i3. n small drops of same size are charged to V volt each. They coalesce to form a bigger drop. Calculate
potential of bigger drop. : 2

14, Arrange three charges +¢, +q and —q using distances 7, 2r and 2r to get a system with zero potential energy. 2

i5. What do you mean by line integral of electric field ? - ' 2

16, Explain as to why potential inside the conductor is constant. 2

17. TIs it possible to build a spherical conductor of capacity 1 F ? Explain. . 2

12. Derive an expression for equivalent capacitance of parallel combination of 3 capacitdrs.: Z

19. Derive an expression for energy stored in a capacitor.

P
£
o

Explain principle of a capacitor. o
Three poilit charges, g each, are placed on the circumference of a circle of radius r io fo‘m‘:’;*
having all the sides forming angles of 60° with each other. Find potential at the centre of the

Coulomb’s constant k as 1. : ;

3. Two charged métal spheres of radii R; and R, (where R;>R,) are far apart. The separation b :
much larger than radius R;. The spheres are connected by a conducting wire (figure C). Tha :
‘state on the spheres become g; and g, respectively. What is the potential at the surface and
also find gi/¢, ? ‘ ‘

3
Pt
B

Conducting wire
Figure C
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SELF ASSESSMENT TEST FOR BOARD EXAM

the electric lines of force of a positive and negative charge respectively.

S H - % 4
N f\{ |
. — -
i d {if \\J‘A / ‘a}‘f \\ ﬁ Q
f/ : ki \\ /ﬁ & ll\ °
(@) ]

Figure D
(a) What are the signs of potential differences (V A~ Vp)and (V, o= V) ?
(b) What are the signs of the potential energy difference of a small negative charge between B and A ; P

and Q7
(c) Give the sign of the work done in moving a positive charge from B to A and give sign of work done by external
agency in moving a small negative charge from Q to P. -3

4. Three point charges are arranged at the three vertices of a triangle as shown in figure E. Calculate the
electrostatic potential energy of the system if

+4 30cm =03m +2q

Figure E
g=3x107C. : ‘ ‘ 3
<3.  An electron and a proton in an atom are bound at a distance of 53 X 10712 m. Find the potential energy of

the system.
3

26. (@) 75% of the distance d between the parallel plates of a capacitor is filled with a material of dielectric
constant k. Find the charge in capacitance if original capacitance was C,.
() Four capacitors of 1 pF, 2 pF, 3 pF and 4 pF are connected in parallel. Find charge on each capacitor if
supply voltage is 200 V. 5
27. (a) Calculate equivalent capacitance Figure F :

Figure F
(b)) How much work must be done to charge a 24 pF capaxcitor, when potential difference between the
plates is 500 V 7 . s
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OBJECTIVE QUESTION BANK
MULTIPLE CHOICE QUESTIONS

{Only one option correct)

Based on Electric Potenilal due to a pomt charge and due to electric r:hpoie

1. The elecmc potential at the surface of an atomac nucieus (Z.= S(}) of radius 90 X 1(}‘15 mis:
{@ 9%V ®9Y x 10°V (c) § X 10°V @ 80V.
2. Eqnal chargeé are given to two spheres of different radii. The potential will :
{a) be more on smaller sphere
{b) be more on bigger sphere
{c) be equal on both the spheres
{d) depend on the nature of the materials of the spheres.

3. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 80 V.
The potential at the centre of the sphere is :

(@ 80V (b) 80V {c) 8V (d) Zero.

4. The electric potential at a point in free space due to a charge Q coulomb is § X 10!! volts. The
electric field at that point is :

@ 12ney Q x 102 V/m ®) 4n €4Q x 102 V/m
(c) 12req Q x 107 Vim @) 4 £4Q x 10%° V/m,

Earth’s surface is considered to be at :

L7 43
s

{a) zero potential {b) negative potential{c) pesitive potential (@) infinite potential
6. Using usual notations, electric potential at a point due to an electric dipole is given by :
p eos O I M p sin ©
V T ] = e TR e
@ dn gy r @ € 2 {c) vz dn ey 7 @V 4n gy r-
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A charge of 100 uC has M@&%ang HYSICS

(@) 10°V I LRAY ©1°V @ 105 v,

8. A soap bubble is charged to a potential of 16 V. Its radius is then doubled. The potential of the
bubble now will be :
(@ 16V B8V (c)4V @ 2V.
Based on Equipotential Surfaces
9, Equipotential surfaces associated with an electric field which is increasing in magnitude
along x direction are :
{a) planes parallel to yz plane
(b) planes parallel to xy plane
{c) planes parallel to xz plane
(d) coaxial cylinders of increasing radii around x-axis.
10. Which of the following is not the property of equipotential surfaces ?
{a) They do not cross each other.
() They are concentric spheres for non-uniform electric field.
(c) Rate of change of ‘potential with the distance on them is zero.
(d) They can be imaginary spheres. '
11. Work done in moving a positive charge on an equipotential surface is :
{a) negative (b) zero {c) positive : {d) positive infinite.
12. On rotating a point charge, having charge ‘¢’ around a charge ‘Q’ in a circle of radius 7, the
work done will be :
‘ . X 2
(@) q X 2nr ®) 4x22Q , {c) zexro
Base lonE="7"
: -~
13. Theelectric potential at a point (x, y, g isgivenby V = ~x2y - xz3 -+ 4. The electric field E at that
point is : '
. g ~ . =
@F =2 +@+ D] +Gu=-Pk OF =2 P+ ayzf + 2k
©F =Qu-D7F +x?j + 3k @B =Qu+ AT + 2] + 3l
14. A, B and C are three points in a uniform electric field. The electric potential is :
(a) same all the three points A, B and C |
(b) maximum at A T ea
. o » " B i % ” = ~%
(¢) maximum at B SR e v E
; #C
(d) maximum at C. , » e B
15. A uniform electric field pointing in positive £ direction exists in a vegion. Let A be the

origin, B be the point on the x~axis at x = 1 cm and C be the point on theyagisaty = 1 cm.
"Then the potential at the points A, B and C satisty, :

@ Va < Vg - VA > Vs () Vs < Ve | @ Vi > Ve.

WWW. i
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16. If an electron is brought towards another electron, the electric potential energy of the system s

(@) increases (&) decreases (c) becomes zero {¢d) remains the same,

17. A point charge +q is placed at the origin O as shown in figure. Work done in taking another charge
- -Q from point A(O, a) to another point B{e, O) along the straight path ABis :

1 ¢Q) 1 A, a)l
@ 5 } | W® ( —q—a“}«/ia

475 Eg a 47t ‘:9 a2

{1 :;;z +q} N
© | | %ﬁﬁ o T @ Zero. | o] B(g0) X

18. Two charges ¢; and g, are placed 30 cm apart as shown in figure. A third charge g3 is moved along
the arc of a circle of radius 40 cm from C to D. The change in the potential energy of the system is

: g3k -, where kis :
dr g
@ 8y (b) gy
© 8 | (@ 6g;. 1
A 30cm E% D
19. How much work is required to carry a 6 uC charge from the negative to the positive termmai ofa
qV battery ?
@ 54 x 1073J »54x10797 () 54 x 109 @ 54 x 10712},

20. An electron initially at rest is accelerated through a potential difference of 200 volt so that it
acquires a velocity 8:4 X 106 m s-1. The value of e/m of electron will be :

@ 176 x 1011 C/kg () 276 x 1012 C/kg (c) 076 x 1012C/kg (@) None of these.

21. There is 10 units of charge at the centre of a circle of radius 10 m. The work done in moving 1 unit
of charge once around the circle is

@ Zero (b) 100 units (¢) 10 units (& 150 unit.
22. The velocity v acquired by an electron starting from rest and moving through a potential difference
V is shown by which of the following graphs ?

(b) 1 (c ¥

’ Y EEE— Vs
23, Three (harges Qgp, ~ g and - g are piaced at the vertices of an isosceles triangle as shown in figure.

The net electrostatic potential energy is zero if Qg is equal to : -

q - g
@ . ()]

4 V32 il
() Jz; @+ q.

www.massphysics.com 100 FOCUS CBSE MODULE



i

3.

Capacity of an isolated conducting sphere of radius R is proportional to:

© R ox O @ R

A parallel plate air capacitor has a capacitance 18 pF. If the distance betweén plates is
trebled and a dielectric is introduced, the capacitance becomes 72 pF. The dielectric constant
of the medium is : ' :

(@ 4 ®9 o 12 @ 2

Puiting a dielectric substance between two plates of condenser, the capacity, potential and
potential energy respectively :

{(a) increases, decreases, decreases (b) decreases, increases, increases
(c) increases, increases, increases (d) decreases, decreases, decreases.

Three capacitors each of 4 pF are to be connected in such a way that the effective capacitance
is 6 puF. This can be done by connecting. '

{a) them in parallel ~ {b) them in series
{c} two in series and one in parallel  {(d)two in parallel and one in series.

It ’?ﬂiﬁntiai difference across a capacitor is changed from 5V to 30V, work done is W. What
will be the work done when potential difference is changed from 30V to 60V ?

(@ 2W B3IW (c)4'W @ 6W.
Capacity of parallel plate capacitor in air and on immersing it into oil is 50 p¥F and 110 pF

respectively. The dielectric constant of 0il is 3
{o) 45 - B 655 {c) 1110 {d) 2-20.

Find the equivalent of capacitance of the given circuit.

(@) 220 pF T
®) 260 1F | ae—ry PO L —ep
ows Ly
(d) 420 yF. ‘ 25 100uE

A 4 pF capacitor is charged to 400 V and then the plates are joined through a resistor. Heat
produced in resistor is :

(a) 6645 B o323 (c)0-16J {d@) 1-28J.

Five capacitors, each of capacitance C are cennécted as shown.
The ratio of capacitance between P and R and the capacitance between
Pand Qis:

@ 3:1 B)5:2
() 2:3 @1:1.
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3. If the distance betw eem‘ﬁt m;&amtor IS ;ncredse! ﬁn capacitance :

{@) increases : {b)-decreases
{c) remains the same (d} first increases then decreases.

1 :
3. The dimensions of 5 €0 E%, where < is permittivity of free space and E is electric field,

are
(@ MLTY GML1IT? ©ML*T? (@ M 12717

35. Two materials of dielectric constants K; and K; are filled between two parallel plates of a capacxtcr
as shown in figure,

The capacitance of the capacitor is : JArea=Alz  Area = A2
AR+ Ky) Ag K+ Kp)
@ = ® s kK,
Agfl KK, ) 24y KK, )
(C) d tiz\g k) ﬁ»:gj (a} d E} e },{3
;:ft
36.  What is the effective capacitance between points Xand [ 3'5%
. e Cop b 1. D
@ 24uF X A WTTTHTE {5 Y
&) 18 puF BuF 20uF BuF
(¢) 12 uF - |-
{d 6 uF. ' BuF

37. The equivalent capacity of two capacitors in series is 3uF and in parallel is 16 pF. Their individual
capacities (in uF) are :

@ 12,4 ®)8,8 (c) 10,16 @ 12,2.
38. If earth is supposed to be a metallic sphere, its capacity will be nearly :
(a) 700 pF (b) 711 uF (c)TOOF @ 64 x 10°F,

39. While a capacitor remains connected to a battery, a dielectric slab is slipped between the
plates of the capacitor. v

(@) The energy stored in the capacitor increases

(b) The electric field between the plates increases
'A(c) The potential difference between the plates is changed
{d) Charge on the capacitor remains the same.

40. Charge Q on a capacitor varies with veltage V as shown in the figure
where Q is taken along the X-axis and V-along the Y-axis. The area of A
triangle OAB represents : V? | //‘i
{a) capacitance {b} capacitive reactance ' / |
(c) magnetic field between the plates {(d) electric flux between the plates o ; .
{e) energy stored in capacitor. - B

e
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41. If n drops, each of capacitance C, cvoalesce to form a single big drop, then the ratio of the
energy stored in the big drop to that in each small drop willbe :
(@ n:l | @n?:1 {1 @ n?
42. In agiven circuit, a charge of +80 pCis given to the upper plate of RS e
4 pF capacitor. Then in the steady state, the charge on the upper
plate of the 3 pF capacitor is “T” -4 F
(@) +32uC ‘
/ (b} +40 HC 2 uF :f;ﬁ :3;33 uf
(¢c) +48 uC ‘
(d) + 80 uC. WL
ANSWERS
L (0 2. (a) 3 {(a) 4. (b 5. {(a) 6. () 7. (0 8.4 9 (v
10. (0 1. (» 12. (¢ 13. (d) 4 (o) 15.(p) 16. () 17.(d) 18 (o)
9. © 20 (w 21. {a) 2. (b B, A 2. 26 () 27. (o)
2. & 29. (& 30. (@) 3L (b R ) B M) B.(@ A {d)
3. {a) 38. (b) 39. (@ 40. (@ 4. (¢ 4. )
HINTS AND EXPLANATIONS
) Ze
1L V=9x10°—.
r
2. Vc:i‘
: r
3. Potential at the centre of sphere= potential on its surface.
4 ~ngle_iQ b
) Cdmeg r “'“cmaov 4 g Q=10 4 g «10"
Y 11
Now, B == =- Q";QW — 47 €y Q X 102 Vim.
7 0"
7. Using, V= 4 we get V _Ax ¥ 41@3 2 8 =1° V.
' 4?1'807' . 9
" BRI
8. (b)Using, V , we get v,
io Y2 ey, =80
fe, 7o =2 e, V=8V,
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9. Electric field is perpcadlcuiar 1o t%;e equipotcntia surface.

AV
1}»‘ W :._————_ = ()»
q

12, A circle of radius r around the charge Q is equipotential.

-y

B. E =E { +E f +E&

.’\V] a
E, =-2 = -~ (-2 +4) =y + 2
X P @t( ) )= (2xy + 2)
A 3 9
= e = (XPy - x2 + 4) =X
5 £l W( '

v av
E, = "o B e (—tzy -xB3 +4) = 3xz2

—3

E=Q@uy+d) +x2] + 32k,

day
. E= T
-ve sign shows that electric field is in the direction of decreasing electric potential.
15. Field lines start from higher to lower charge. C M >
potential decreases in the direction of electric field. § . -
" Va=VcandV, > Vp A0,0) — e
(.- V5 and V¢ lie on equipotential surface) i S R

v

- 16. Work is done against the repulsive force, so potential energy of the system increases.
17. Points A and B are equidistant from charge -¢q. Therefore, potential at A = potential at B.

W =-Q(Vp-Va) =0

18. Initial P.E., U; =

1 ?1@‘3 G |, 44
= %q}[ + =k (-~ BC = 50 cm)

+
04 05 03

b [‘3‘&@3 L0290 fhfiz]

Final P.E, Uf = dneg| 04 01 03}
. fizfi?; *?%} L
“.kz&h.
19. W=gV=6x100x9=54x10°1
20 irm)z‘ ev
2
2 612
L v @4xi)” o 1
- 5V 5% 200 1-76 x 10** Clkg.
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Since-every point on the circle is equidistant from its centre, so potential on every point on the circle is
same. That is potential diff., AV = 0. Therefore, W = 0. '

i
2, Emv?« = ¢V otV

Therefore, graph betweenv and V is parabola,

1 [ Qg ng
4 _2
QO-—JS‘ 32
24. C = (4n eg)R.
A Keg A
2. Cp="2" and C= fﬁ :
KCy _3C _3x7

= —_— — =12
3 o Ca 3 .

Z7. If two capacitors are in series, then

— ﬁ,&i”«, 4?%1'33
Ci+C, A4 = 2WF

L

M

Now connecting the third capacitor in parallel will giﬂie
Cy=C+C=2+4=06pF. '

1 _815C
%a W —EC(Vz '—Vl )-—--C {% 25} - 2
2700
Now W, :-C{3600 900} *TC = 1350C
W _1350x2 .
W 8715 "
< 1
== =22
Y. C=KCieK= C 50 .
30. Equivalent capacitance of capacitors connected in series
_25x100 2500
Ca™ 353100 ~ 125 = 20uF

Equivalent capacitance of 20 pF and 200 uF connected in paraflel = 20 + 200 = 220 uF.
-
3L Heat produced = Energy stored = 5 Cv?

%x4x10—6x400><400 =032

This energy produces heat in resistor.
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tween P and R can be calculated from the following equivalent circuits :

AHHE-

32. Capacitance be

A e it R
¢ C
[
c ¥
E ‘; —R = P~—§——i —=

> .
Capacitance between P and Q can be calculated for the foltowing equivalent circuit :

®]
oy
A
Ly
3
~—
o

}l
}I

@
3
w
Q
B

‘ A
3. C= :‘Q;.i__. Since d increases so C decreases.

4.

MUT

. L eg B? = Energy/Volume = W‘"‘“%"““‘““}‘ = MLITY
2 il
BC="0 T
Ag k;
C2= " :

Both capacitors are in paraliel

: Ag
LC=C+(C = "Eg‘(h + ko)

360 4
Cy = BuF N X/fo:ﬁlif:

Cy= 6@&F>?\/\ C4 = 6uF

5
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C
Network is a balanced wheatstone bridge a EL = %—
2 4
Therefore capacitor between B and C is neglected.
_ GG 3%
Casp = Gic, 1T F
C =“»3“§“'=‘”‘=3F
AT oe, 12z T
Now Capp and Cpcp are in paraliel, therefore,
Cxy = 6 pF.
GGy
, = = = 3
37 Cs e, T3k |
Cp=16 uF = C; + C; = 16 yF . )

o CilGy=3(C+Cy) =48 uF
(C1-Cp? = (C+C9? - 4C(Cy
=256-4 X 48 = 256 - 192 = 64
\ C;-Cy =8yF , _ ves (i)
Solving eqns. (i) and (ii), we get, ' v
Cy = 12 yF and C; = 4 yF.

3. C=(ne)R = X 64 X 10° =711 uF.

1
9x10°

8

. U=KU,
40. Area of AOAB —--;-osx AB:—;—QV

1

- v - | (- Q=CV)
= energy stored in capacitor.
. 41. Capacitance « radius i.e. C oc r
Volume of big drop = n X volume of small drop

4 3 4 5 1/3
—aR” =ax—nur’ R =n""r
3 3 ;R ‘

Capacitance of big drop, C; o< R or C; oc 213

L

42. Let q = charge on the upper plate of 3 uF capacitor, then charge on 2 pC capacitor = (80 -¢). Since

both capacitors are connected in parallel, so potential difference a cross 2 UF capacitor = potential
difference across 3 pF. :

. 80—~
t.e.,wzmg = % org = +40 uC,
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MULTIPLE RESPONSE QUESTIONS

{More than one correct option)

43. Six point charges are kept at the vertices of a regular 'i;exﬁ;gm}{if side L
‘and centre O, as shown in the figure. Given that

i
K= 4‘1; 8““’ % . Which of the following statements (s) is (are) correct ?
)

(@ The electric field at O is 6 K along OD.
() The potential at Q is zero.

{¢) The potential at all points on the line PR is same.

{d The potential at all points on the fine ST is same.

44. A parallel plate capacitor has a dielectric slab of dielectric constant K between its plates that
covers 1/3 of the area of its plates, as shown in the figure. The tetal capacitance of the
capacitor is C while that of the portion with dielectric in between is C;. When the capacitor is
charged, the plate area covered by the dielectric gets charge Q; and the rest of the area gets
charge Q;. The electric field in the dielectric is E, and that the other portion is . Chosse the
correct option/options, ignoring edge effects. : '

E, E, |
@3, O g “K
Q 3 C  2+K

45. A spherical metal shell A of radius Ry and a solid metal sphere B of radius Rg (< R,) are
kept far apart and each is given charge +Q. Now they are connected by 2 thin metal wire.

Then ,
@ Ep jnsige = 9 ®Q, > Qp
oa _Rg
() Og R, . @ EA on surface < EB on surface.

46. A point charge +Q is placed just outside an imaginary hemispherical surface of radius R a
shown in the figure. Which of the following statements is/are correct ?
(&) The circumference of the flat surface is an equipotential.

(» The component of the electric field normal to the flat surface is
constant over the surface

{¢) Total flux through the curved and the flat surface is Q/eg.

(d The electric flux passing through the curved surface of the

.. Q ( 1)
hemisphere is -——{1-—1-
2g, J2

- Dh ‘ )
www.massphysics.com on

108 FOCUS CBSE MODULE



MASS PHYSICS
ANSWERS

B.(a, 4, o) “. (g d 4., b, ¢, d) 4. (a, d)

HINTS AND EXPLANATIONS

I g
43.E=E2+E5=2X4E60§:2K
1 ¢
'E" =El +E4=2X 4%6{) i’? ;:2K
I 2
B =By + Bg = 2x 3o = 4K

E’ and E” are inclined at an angle of 120°

= E; = 2K along OD
= Net electric field at O = E; + E” = 6 K along OD
1 . o P

9. 9.2 4. 49 2]

= — AL T T
Va0 = o ]_*L LT LU

The system consists of three dipoles and line PR is equatorial line for three dipoles. Therefore,
potential at any point on the line PR is zero.

44. When capacitor is charged, both parts of the capacitor have commen potential V.

v
~.

O

A" .
Therefore, E; = Pl and By =

E,
Hence, E, = 1

bt d 3d
c, = 50 (2A73)  2g)A
Ty Y

Both capacitors are in parallel, therefore

N
C:C1+C2:%(K+2)

C _K+2
c, K

www.massphysics.com 109 FOCUS CBSE MODULE



MASS PHYSICS

45. (a) Flectric field inside a shell is zero.
When connected with wire, both have same potential V.

Q_ﬁ_ VC, 4neoR 4 Ru
®)Q, = VC, = 4neoRy ~ Ry
B B EgRp B

/ 2 2
(¢)o = < Therefore SA EQA} Fz”B‘\ = (&“3{&) = Re
0= gz - HRC 6y T Qp J\Ry)  \Rp/\Ra TR,

2
| Q . Ey (9.5._\ Rg) _Rs
@ Ex Rz . Therefore, Eg = \QBJ R, = R, < 1.

46. (@) The circumference of the flat surface is equidistant from point charge + Q, so potential at
every point on this surface is equal. +

(by The component of electric field normal to the flat surface = E' cos
8 Since angle 0 varies, so the component of electric field normal to
the surface is not constant.

(¢) Since curved and flat surfaces encloses no change so, electric flux |
through them is zero.

. . . . . ' ¥ 4
(@ Consider a ring of radius 7 and thickness dr on the flat surface. g’ E
The electric flux through the ring,

‘ R
(Ecos9)dS =E X m X 2nrdr

i

do

| R
= 4ng, (R?ﬂ—:ﬁ) R 2 X 2nr dr
Q err
- 2&0 (R%+r2>3/2

Hence, electric flux through the flat surface,

D—

R R A

Q Rrdr Q L

T L2 |
¢ = (j} ' J;ko ®R2 47777 25 U “fi)

4

Now, electric flux through the curved surface

Q (, 1)
I i « H e e i"”*“““'“ N
electric flux through the flat surface 2%, L \fﬁ
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FILL IN THE BLANKS WITH APPROPRIATE ANSWERS
47. Electrostatic force isa ........... e, foOrCE,
48. If potential at infinity is chosen to be zero, then the potential at a point, whose distance from

change Qisris ............ .
49. A surface over which potential has a constant value is called eiiaseensaesanens SUCTACE.
' - -3
50. The potential energy of an electric dipole of dipole moment p in a uniform electric field E is
S1. The electrostatic field E in the interior of a conductor is .......... ;
52. S unit of capacitance is .............. .
33. Electric potential due to a point charge q at its own location is .............. .
54. The phenomenon of shielding a cavity inside a conductor from external electric field is called
ANSWERS
47. Conservative 48, L Q 49. equipotential 50, m;:gi
. 4’!{8(} r

51, zero 52, farad (or v 53. not defined 34. electrostatic shielding

www.massphysics.com 111

STATE, WHETHER THE STATEMENT IS TRUE OR FALSE

Work done to move a charge from on point to another point on an equipotential surface is zero.
Electrostatic potential at a distance r from g varies inversély as the square of the distance ().
Electric field is in the direction in which the electric potential increases steepest,

Electron volt is the unit of electric potential.

The capacitance of a capacitor depends only the nature of the dielectric saparating the plates of the
capacitor, '

The capacitance of a capacitor decreases if a dielectric of dielectric constant k is introduced
between the plates of the capacitor. ‘

- Energy is stored in a capacitor in the form of magnetic field energy.
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ANSWERS

55, True.(W = gAV. Since AV = O on the equipotential surface, so W = 0)

1 q)
56. False. (V;“‘”“'J

4ney ¥

()
57, Faise. o

58. False.(Itis the umt of energy)

60. False. (C = KC)
61. False.(Electric field exist between the plates of the capacitor)

 MATCHING TYPE QUESTIONS

62. Match the phy&mi s;}ianmy drawn along y-axis g;vm in column I with the variation of the
quaﬂmy with distance r deawi along x-axis shown in column 11

Cohmm 1 | Column 11
- o ‘
1 (A) Electric potential of a charge -4 g
(B) Electric potential of a charge +¢q ( @
(C) Capacitance of a Spherical conductor of r op———>1
radiusr
(D) Electric potential due to on electric {s) }?,
dipole on its equatorial line | ﬁ[—’*"*" —>1
{a)A—»r,B-—aq;C—ép;DM)s (b)A~+s;B~>q;C—~>p;D—~>r
(c)A——>q;B->r;C~>s;DM>p (d)A—»p;B—%q;Ce)r;D%s.
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3. Match the physical quan ! lles g&ven n u)iumn 1 \Ht!l the umts gwen in u)iumn n

Column I - : Column n
A) Elecmc potennal , | g)) Vo
| ® Energy @ CV!
(C) Capacitance | (¢ Ic!
l (D) Dielectric stréngth ' 1 {s} eV
o 4
@A->p,B-g;C>r;D—-s ‘A {b)A—w B——>s C—>q;D—p
©A—>g;Bop;Cos;D—r (a'}A~—>s Bo>r;C—op;D—g
ANSWERS
. @
Each question has two statements I {Assertion) and 1 {reason). Of the followi ving statﬂmug,s, choose the correct
:code i 3 ‘

64. Statement 1 : Electrons move away from a low potential to high potential region.

Statement 2 : Electron has negative charge. ,

65. Statement 1 : Surface of a symmetrical conductor can be treated as equipotential surface.
Statement 2 : Charges can easily flow in a conductor. ’

66. Statement 1 : Dielectric has no significance in a parallel plate capacitor.

Statement 2 : Dielectric is an insulator which can be easily polarised on the apphcanon of electric
field.

67. Statement1 : The capacity of a given conductor remains same even if charge is varied on it.
Statement 2 : Capacitance depends upon nearly medium as well as size and shape of conductor.

68. Statement 1 : Two capacitors of same capacity are firstly connected in parallel and then in series.
The ratio of equivalent capacitances in two cases 18 2 : 1.

Statement 2 : In series capacitance decreases.

69. Statement I : A dipole is in stable equilibrium when angle between dlpoie moment and electric
field is zero.

Statement 2 : The electric potential energy has minimum value when angle between dipole moment
and electric field is zero.
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70. Statement 1 : A charged capacitor is disconnected from a batiery%ow if its plate are separateq
farther, the potential energy will fali.

Statement 2 : Energy stored in a capacitor is equal to the work done in charging it.

71. Statement 1 : For a charged particle moving from point P to Q, the net work done by an electrostatic
field on the particle is independent of the path connecting point P to point Q.

Statement 2 : The net work done by a conservative force on an object moving along a closed loop
18 Zero.

ANSWERS

4. (@) 6. (B 6. () 6. (@ 6@ 6. ¢ 7@

HINTS AND EXPLANATIONS
. Low potential as compared to high potential means negative potenua} i.e. low potential regxon has
more electrons so the electrons will move away from this region.
65. Pé()tential is constant on the surface of a conductor, so it behaves as an equipotential surface.

 66. Dielectric is very important in a capacitor because capacitance,

g KA . . )
C= VR where K is dielectric consiant.

67. Capacitance is basically a geometrical quantity.

cc . C
68. Inseries, Coq = o cic 3
Tnparallel, Coy= C + C =2 a1 4
Qpara el, Cgq=C+C=2C ”{:ﬂi‘ o =4
6. U=-pEcosf.For6 =0°U = -pE | (i.e., minimum)
1 gA

V? je., Energy o —é«

70. Energy = 1/2CV? = 7

71. Electrostatic field is conservative in nature.
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| CAPACITA®

yased/Passage-based Integrated Questions

| ELECTROSTATIC F

OTENTIAL AND

QQSE@?&SEW%%AG%?«’8%55} INTEGRATED QUESTIONS

' &. 1. Consider a conducting sphere S, of radius 20 em.

A positive charge is given to it so that maximum
electric field om it is 2.0 x 10* N/C. The same amount
of negative charge is given to aneother isolated
conducting hollow sphere of radius 40 cm. If one
shell is now placed inside another s that they are
both concentric as shown below. Now answer the

following gquestions:

() The electric field intensity just inside the
cutersphere is

{if) The electrostatic potential at any point inside
sphere S, is s

(i) 1 sphere 8, and 8, are joined by a wire, then ‘

what will happen? . v
(i) Given electric field on sphere §,
E,=2x 10° NiC

Ans,

k
E =2x 104Nfc=-g
P
!

Now just inside outer sphere Electric field

+Q

E? = '"'J.“,v
s
b _n
3
E, ry

Hére 7, =020 m, ry= 040m

E =2x 10t X(% 05 » 10* Nre |
=4 04 . .
(#i) Electrostatic potential inside S,
k [ &
14 :.’.Q.::r‘El “'fr-;ﬂé’“:;:iw
! H ' i»“x };
=02x2x10*
=04 x10"=4x10°V
www.massphysics.com 115

Q2

(iify If S, and S, are joined by a wire entire amount
of energy stored in the system will get converted
into heat,

Reason: Both the charges on spheres S, and §,
will get neutralized and energy of the system wili
be dissipated as heat.
Or
After connecting, the charge will transfer from higher
potential sphere to.lower potential sphiere and finally
potential of both sphere will be equal.

Electric field between eppositely charged parallel
conducting plates:

When two plane parallel conducting plates, having -
the size and spacing shown in figure given below are
given equal and opposite charges, the field between
and around them is approximately as shown, while
most of the charge accumulates at the opposing faces
of the plates and the field is essentially uaiform in
the space between them, there is a small quantity
of charge on the outer surfaces-of the plates and a
certain spréadwing or “fringing of the field at the
edges of the plates.

As the plates are made larger and the distance
between them diminished, the fringing becomes
refatively less. This kind of arrangement is called
capacitors. 7

Now if two plates are separated by a distance ‘34,
and are maintained at a potential difference ‘¥
then answer the following guestions. '

{{) What is the use of capacitors?

({5} If two protons are placed at points A and B
respectively, thea which one will experience
more force?
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Fd d ¢Pe
(#il) When both the protons are released then which
one will gain more K.E. just before striking
the —ve plate?
(i) I one proton is moved aleng
{ay Ato B
# BteC
(©) Cte D
(d) Along ABCD, then how much work is done
: by external agent?
{v) Which property of electric field is shown by
answer to {iv) (d) part?

Ans. (i) Capacitors are used to store clectric charges and
electric energy.
(if) Both the protons will experience same foroe.
Reason: F = gE; E = constant; g = +¢ {same}
@@y V=V, > V=V,
[in the direotion of electric | /
field potential decreaes]
V,> V‘? or { P,D)APZ > (?.D)m,z
;. GaininXKE.=¢ x D

2. Gain in K.E. of proton released from point A

will be more.
W= gx P.D.l
(i {a) W, z=eVp— ) E:K
=dE2d-Ed}
=el.d
Wy v V=V,
" Wge=0
©) Wep=elVp— Vel
=efE.(d) - EQA)]
= ~ekid
{d) Wopen=Wagt Wact Wept Wpa
=gFd+ O~ eEd+ D
={
{v) Electric field is conservative as work done along
a closed path is zero.
www.massphysics.com 116
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SELF EVALUATION TEST OF ELECTROSTATICS

Serr EvaLuaTion TesT- 2

Electrostatics -

Maximum Marks : 30 Duration : 75 minutes

1 Mark Questions

1. Force of attraction between two point electric charges placed at a distance d inamedium is F.
| What distance apart should these be kept in the same medium so that the force between them
becomesF/47?

. Define the unit of electric charge.
. Give the Sl unit of electric field intensity.
. What is the relation between electric intensity and flux ?

. How much work is done in moving a 0.5 C charge between two points on an equipotential
surface ? '

Ul = WM

[=2)

. In what form is the energy stored in a charged capacitor ?

7. On inserting a dielectric between the plates of a capacitor, its capacitance is Observed toincrease .
5 times. What is the relative permittivity of the dielectric?

8. What is the SI unit of capacitance 7.
2 Marks Questions
9. State the important properties of an electric charge.

10. Determine the magnitude and direction of an electric field that will balance the weight of an
electron.

11. What is the principle of electrostatic shielding ?

12. Two point charges of +0.2 pC and —0.2 uC are separated by a distance of 1078 m. Determine the
electric field at an axial point at a distance of 0.1 m from their mid-point.

3 Marks Questions

13. Two point charges A and B of values + 15 uC and + 9 puC are kept 18 cm apart in air. Calculate
the work done when charge B is moved 3 cm towards A.

14. Two material slabs of dielectric constants K, and K, are filled in between the two plates as’
shown. What will be the capacitance of the capacitor ?

|
|

15. Using Gauss’s Theorem, derive the expression for electric field intensity due to an infinite
charged conducting plate.

5 Marks Questions
16. Sketch a labelled diagram of a Van de Graff generator. State its principle.

Ki
B2
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SELF EVALUATION TEST OF ELECTROSTATICS

SOLUTIONS

Hints / Answers

2. 1 coulomb of charge is the amount of charge accompanying the flow of current of 1 ampere for
1 second. '
3. N/C. ..
Electric flux, ¢y = § E.dS
8

o

Zero

Electric potential energy
Relative permittivity =5
farad

® N oo

L 2
4ne,

12. Asa<<r, ~E= 3

5 -8
=E= 9x109x2X(0‘2x(:)01)3)x(10 ) =36 x 102 N/C

- kQ,Q, _ kQ,Q,
" .

13. W=U,-U,
2 L1

1 1
— 9 ~6 -6 —
= (9 x 10%) x (15 x 107) (9 x 10°) LSXm_p_ 18x10_2}

= 1215 x 103 { =135]

oo

15%x18x107
gA| 2kk,
W "k +k,
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